ABSTRACT The seasonal prevalence of major congenital malformations was studied in a prospective survey of 88 449 children born in the circumscribed Fylde of Lancashire to residents there over 25 years. Ascertainment was thought to be as complete as was practically possible because cases were recorded daily by one, and for 17 years the only, paediatrician and a very high rate of necropsies was maintained. The number of malformations were classified by month of maternal last menstrual period and seasonal variation was assessed by three statistical models.
This paper examines the seasonal prevalence, using month of maternal last menstrual period, of babies with major congenital malformations born over 25 years to residents in the Fylde of Lancashire.
Seasonal changes in prevalence are one pointer to environmental factors in causation, and interest in them has continued since the demonstration by McKeown In this investigation we attempted to get as complete an ascertainment of major malformations in a population as is possible in practice and to eliminate problems caused by varying lengths of gestation.
Methods
Major malformations were studied among babies born to mothers who lived in the most populous part of the Fylde of Lancashire. This is a well demarcated area approximately 24 km by 13 km, bounded on three sides by water barriers. The fourth, landward, border is in sparsely populated country ( fig. 1 ). The population is concentrated around the coast and has increased from about 250 000 to over 300 000 during the period of study. Blackpool is situated centrally on the west coast. In the north the main urban areas are Fleetwood, Thornton-Cleveleys and Poulton-leFylde, and in the south, Lytham St Annes and Kirkham. The remainder ofthe district consists ofrich farming land. The district is 50 miles from the nearest University referral centre and medical services are based on a single district general hospital (Victoria), so that one doctor was able personally to collect data systematically on a day to day basis. The numbers of live births, stillbirths and neonatal deaths were notified to us by the medical officers of health and after 1974 by the community physician. There were 88 449 births in the 25 years.
Babies studied were those born in the Fylde to residents there between 1 January 1957 and 31 December 1981. Cases of malformations in babies born during this period were collected until 31 December 1986, so that there was a minimum follow up of 5 years. Major malformations were ascertained from: (1) necropsies, (2) the daily practice of one paediatrician, and (3) in later years, the local obstetricians' records of pregnancy terminations.
A very high rate of necropsies, all by consultant pathologists, of stillbirths and all children dying up to 15 years of age was maintained throughout the 25 years. After 1957 arrangements for necropsies of babies stillborn at home were facilitated by the continuation of procedures introduced for local participation in the British Perinatal Mortality Survey. Ninety three per cent of all perinatal deaths in the area were examined, wherever they were born. The number of necropsies was checked against the notified deaths and information obtained from midwives and doctors about any visible malformation in the very small number of cases not examined by the pathologists. Necropsy reports of all Coroners' cases were received.
Terminations of pregnancy because of antenatal diagnosis of a serious malformation were carried out from 1979. There were only four such cases, all neural tube defects.
For 17 years the great majority of cases of major malformations were seen by one paediatrician (JPB) in his practice, which included full charge of neonates from the outset. He attended necropsies whenever possible and always reviewed cases with the pathologists. Members of the medical and nursing professions were aware of the study and were encouraged to inform him of children with lesions which might have escaped his attention. He visited the general practitioner maternity units at least weekly. In addition outpatient clinics were held not only at Victoria Hospital but also in the north (Fleetwood) and south (Lytham) of the district enabling good liaison with general practitioners. Further, regular consultative clinics were held with the local authority doctor responsible for the infant welfare and school medical services in Blackpool.
Victoria Hospital has a department of cardiology and a children's clinic was held by the cardiologist and paediatrician together. Complete recording of cardiac malformations presenting after the neonatal period was thus facilitated and diagnoses were constantly updated where necessary.
332
In the last 8 years ofthe study a second paediatrician cooperated fully in reporting cases seen in his practice only. These were few in number as neonatal work was completely shared and JPB continued to organise the combined cardiac clinic.
Babies with multiple malformations were counted under each major lesion present. The following lesions were not recorded: inguinal and umbilical hernias, hypospadias, undescended testes, hydrocele, talipes, polydactyly, syndactyly, accessory auricle, naevi.
For some analyses cases of neural tube defect were divided, as in a recent American study,' into "multiples" with one or more additional major lesions, and "singles" with no other lesions or only those considered secondary to the neural tube defect. Secondary lesions included other central nervous system defects, talipes, dislocation of the hip, contractures, spine and rib defects and lung and adrenal hypoplasia. Classification of cardiac lesions was based on the scheme of the International Society of Cardiology.'0 In addition cases of uncomplicated ventricular septal defect were divided into clinical and proven. Clinical ventricular septal defect was diagnosed from the presence of a typical murmur with normal chest x ray and electrocardiogram. Fewer cases fell into this category after the introduction of echocardiography in the early seventies, which enabled many small defects to be visualised without disturbing the infant.
Uncomplicated persistent ductus arteriosus was distinguished from delayed closure of the ductus in premature and small for dates babies. " Occasionally a patent ductus in one of these two groups of low birth weight babies required surgical treatment before the distinction could be made clinically. Therefore our category of persistent ductus was restricted to babies with a gestation of 37 weeks or more and a birth weight over 2500 g.
The antenatal notes of mothers giving birth to babies with malformations were studied and, in particular, the month of the last menstrual period was noted. The month was almost always recorded even when sometimes the day of onset was not recollected.
Data on the month of last menstrual period and month ofbirth was also collected for all hospital births for a selection of years over the period of the study. For (xi+m) where xi is the month number i multiplied by 300, X is the start of the cycle in degrees, and Xo and XI are unknown parameters to be estimated. Here, the underlying monthly rate of occurrence varies smoothly, showing a six month period of increase, followed by a six month period of decrease. If X1 is zero, then the model reverts to that of no seasonality. where xi and X are defined as before. For this model, the underlying monthly rate of occurrence still varies smoothly, but follows a more complex pattern of increases and decreases. A version of this model with the counts transformed to approximate normality was suggested by Sandahl,'9 who recommended it for the detection of asymmetrical periodic changes.
Each method has its advantages and disadvantages. The two rate model has the advantage that the model is easily interpreted, but it may not be a realistic representation of the underlying process. The sin model has a smooth variation in rate over the 12 months, but the assumption of six months of increase followed by six months of decrease may not be appropriate; important cyclical effects other than six months may well be missed. The sin squared model avoids this problem by adding a squared sin term to the model allowing for asymmetrical changes over the year. The estimated function produced by this method, however, is often difficult to interpret, and can have multiple maxima over the 12 month period.
For a given set of data, it is possible that certain models may show significant results and others nonsignificant results. This indicates that certain of the models are more effective at detecting certain types of periodicity compared with others.
The parameters for all the above models were estimated using the Poisson regression facility of the GLIM1 statistical package.20 Maximum likelihood estimates of the parameters were found by a combination of GLIM model fitting and grid search techniques. For the two rate model, this procedure involved fitting a separate model to estimate ac ,aC2 and the log likelihood for every combination of(j,k) over a grid of all possible values of j and k. The values (imax, kmax) ofj and k which gave the maximum value of the log likelihood over the grid were taken as the maximum likelihood estimates ofj and k. For the sin and sin squared models, a one dimensional grid with m taking the values 00, 30°,....,3300 was chosen and a similar procedure was used.
The deviance (minus twice the log likelihood) of the estimated model of seasonality was then subtracted from the deviance produced by the model of no seasonality to give a likelihood ratio test statistic. For the sin (and the sin squared) models, we can fix X and X1 (and X2) at zero to obtain the model of no seasonality; the test statistic is therefore approximately distributed as %2 on two (and three) degrees of freedom if the model of no seasonality holds. For the two rate model, we can fixj and k at 0 to obtain the model of no seasonality, but the parameters j and k then lie on the boundary of the parameter space, and regularity conditions for the likelihood ratio test are violated. For this model, the test statistic under the hypothesis of no seasonality is therefore not x2 distributed, and simulations of the distribution are necessary. The results of a series ofsimulations of 1000 trials based on constant monthly Poisson rates of 30 cases every 25 years increasing in steps of 30 up to a maximum of 240 cases every 25 years, produced no evidence of the distribution of the test statistic being related to the underlying Poisson mean. The mean value produced for the 95th percentile was 10-34; that for the 99th percentile was 13-89 and that for the 99-5th percentile was 15-36. These values were used in subsequent testing.
All three models were applied both with and without allowing for seasonal variation in the total numbers of births in the study population. The procedure when allowing for such variations involved determining PBi (i = 1....,12), a suitable monthly classification of all births in the population under consideration. In this analysis, we used hospital births from 1979 to 1981 to represent the overall pattern of births in the Fylde. These data, which represent 92% of all births, were classified both by month of last menstrual period and by month of birth to provide suitable values for the PBi (depending on whether the analysis was on malformation classified by month of last menstrual period or birth month). For each of the models, an extra term log(PBJ) is included, with a fixed regression parameter of unity. For example, the sin model becomes log(gi) = log(PB;) + X. + XI sin (xi+ t) YiPoisson (tLi) This model is compared to a modified "no seasonality" model log(pi) = log(PBi) + X..
Results
The total prevalence of major malformations over 25 years is shown in table 1 . The prevalence of cases diagnosed up to the age of 5 years, the minimum follow up for children born at the end of the survey, is also recorded. The difference between the two rates is a feature of cardiac and particularly of urinary system malformations. Table 2 gives the observed number of cases for each malformation classified by month oflast menstrual period. Table 4 shows the pattern of hospital births for a selection of years over the study period, classified by month of last menstrual period and month of birth respectively. Table 4 also shows the pattern of all births for two years early in the study period, classified by month of birth. We used these data to determine whether any seasonality in all births in the Fylde was present. To this end, we analysed the hospital births using the three seasonality tests described earlier. For the hospital births classified by last menstrual period (fig 2) , only one year (1976) showed a significant seasonal variation on the sin test, with a peak month of September. No other years showed a significant seasonal effect. For hospital births classified by month of birth, 1979 was the only year to show a significant seasonality effect, with a peak month of October. No consistent seasonal pattern is therefore observable in the births of Fylde residents whether last menstrual period or birth month is analysed. Finally, we examined the representativeness of hospital births compared to all births in the early years of the study. Using the three seasonality tests, data on hospital 95  107  97  101  109  97  103  105  1960  116  112  111  91  110  112  113  120  102  115  83  123  1965  147  125  160  147  137  154  152  134  138  163  138  151  1969  116  149  139  142  137  138  142  160  142  142  132  161  1976  175  160  166  176  184  192  187  195  203  191  208  196  1979  291  225  228  198  214  225  237  249  228  246  196  250  1980 births in 1959 and 1960 were now examined using the ANENCEPHALY monthly variation in all births as a correction factor. The only anencephaly data to show a significant effect No significant effects were found. on all three tests were the anencephaly "multiples" Although no consistent pattern of seasonal based on month of last menstrual period. The two rate variation was found, we considered it important to and sin squared models show that the high period was analyse the data both correcting for and not correcting November to May. for monthly last menstrual period or birth variation, and so the number of hospital births in the Fylde over SPINA BIFIDA AND CRANIUM BIFIDUM the period 1979 to 1981 was used as a correction For data based on month of last menstrual period, factor. These years were chosen to represent all births, significant seasonal effects were found for spina bifida since hospital births in this period constituted 92% of and spina bifida plus cranium bifidum, both in the all births in the area.
period May 1956-April 1968 and in the whole of the Tables 2 and 3 also give the values for the test survey period. Spina bifida and cranium bifidum statistics for the three methods described earlier. The "singles" also showed a significant seasonal tests were carried out both on uncorrected data and on prevalence. All conditions and combinations of data corrected for monthly variations in all conditions showed a high rate during the period of conceptions or births. In general, corrected and March to May on both the two rate and the sin uncorrected values of the test statistics were similar squared test. The lack of significance of the sin test for and we therefore quote only the uncorrected values. some of the above conditions shows the poor For each malformation showing a statistically performance of this test in detecting short seasonal significant seasonal effect, the pattern of the effect effects. Figure 3 shows the observed data and the three found is also given. For the two rate model we give fitted models (uncorrected) for spina bifida and months of the high rate period; for the sin model the cranium bifidum "singles". month corresponding to the peak of the sin curve, and
For data based on month of birth, only the sin for the sin squared test the months in which the fitted squared test for spina bifida shows a significant result, curve lies above the line of no seasonality. As For vesicoureteric reflux, the sin and sin squared tests were both significant, with a seven month period from April to October being identified by the sin squared model and a peak of August identified by the sin model. The two rate model fits the data  ------------------u-----------less adquately than a smooth function for this condition. growth have a higher rate in winter when classified by month of last menstrual period, with a peak in December on the sin test just failing to reach standard levels of significance (p = 0.052). When month of birth was considered, no significant seasonal effect was shown for proven ventricular septal defect, and seasonal effects, although present for all ventricular septal defects and persistent ductus, were significant on only one of the three tests, making the evidence less strong.
URINARY SYSTEM
Two conditions produced significant results (though neither on all three tests) when the data was classified by month of last menstrual period. For bilateral renal agenesis, the two rate model produced a high period from March to October. Examination of the data for this condition reveals that the low winter period of four months produced only one case, compared with 28 for the 8 month summer period. The two rate model is better able to fit this type of data than the smooth sin and sin squared models, explaining the lack of significance of the latter two tests.
Discussion

ASCERTAINMENT
The greatest problem in epidemiological studies of congenital malformations is adequate ascertainment of cases. The success of a malformations registry has been stated to depend in part on the constant activity of one enthusiastic individual who runs it.5 Ascertainment is facilitated if this person is a single handed paediatrician working in a well circumscribed area served by one district general hospital and 50 miles from the nearest university referral centre. Then the vast majority of major malformations will be seen during his routine daily clinical practice.
Collaboration with a pathologist interested in paediatric and especially perinatal pathology is essential, so that lesions are not missed, particularly in stillbirths, and for accurate diagnosis. A very high necropsy rate is mandatory. Stillbirth and death certificates, with their well known inaccuracies in diagnoses,22 are used only to identify cases not examined by the pathologists, so that any available information about these babies can be obtained from their medical attendants or midwives.
This was the situation in the Fylde for the first 17 years of this study and led us to conclude that ascertainment was as complete as it is possible to get in practice. This conclusion was not altered in the last eight years when a second paediatrician cooperated fully with the study. Support for our U We have shown that a seasonal variation for neural tube defects, which was significant when month of last menstrual period was used, was not significant when date of birth for the same cases was substituted. Cases of spina bifida alone showed a seasonal prevalence with month of last menstrual period and also with month of birth in one of the three tests used. The masking effect from using date of birth in the whole group appeared to be due mainly to the anencephaly component. This resulted from a greater variation in gestation in anencephaly, with 74% under 37 weeks compared with 13% for spina bifida.
The study of anencephaly and spina bifida by the Office of Population Censuses and Surveys24 tried to overcome this difficulty by using an estimated last menstrual period based on the percentage distribution of pregnancy duration for stillborn cases. However, in our series slightly less than a quarter of cases of spina bifida were stillborn and 71% of these had gestations of 37 weeks or over compared with 91 % in live births. In an American study of neural tube defects9 only "6singles" showed the well known epidemiological characteristics. No seasonal variations were found in either "singles" or "multiples", but only date of birth was analysed. Our study, using maternal last menstrual period, showed a significant seasonal variation in all neural tube defects considered together for "singles", but not for "multiples". Spina bifida and cranium bifidum gave a similar picture, but with anencephaly it was "multiples" which showed the significant variation. A seasonal prevalence is one of the epidemiological characteristics of neural tube defects, but our findings show that it is not invariably confined to "singles".
A seasonal prevalence for Down's syndrome has been shown by some investigations25 26 showed a significant increase of conceptions in late summer, boys and girls contributing almost equally to the total. There was a corresponding peak in births from May to July, which was earlier than a previously reported peak in affected girls from August to November.3 Four infants in our series had persistent ductus arteriosus due to maternal rubella, three being conceived in late winter or spring. The late summer peak may result from infections of a different virus.
In contrast to the findings for septal defects were those for another group of lesions which have been classified as showing abnormalities of bulboventricular growth.29 These are ventricular septal defect with right ventricular outflow obstruction, including Fallot's tetralogy, double outlet right ventricle and transposition of the great arteries. This group, the commonest cause of cyanotic congenital heart disease, showed its lowest prevalence from May to August. The figures did not reach statistical significance but contrasted sharply with the findings for septal defects. An excess ofwinter conceptions was shown by both transposition of the great arteries and ventricular septal defect with right ventricular outflow obstruction. The latter finding is supported by the report from Liverpool8 of a significant excess of infants with Fallot's tetralogy conceived from January to June.
A seasonal prevalence for coarctation of the aorta has been reported, with an excess of boys born in March and April,3 while another hospital series showed two peaks.30 Our menstrual period data showed no seasonal variations, even for boys alone.
An excess of boys with pulmonary valvular stenosis born from July to September has also been noted. 3 The Fylde had a low prevalence of isolated pulmonary stenosis6 and our small numbers did not show a significant seasonal variation.
ALIMENTARY SYSTEM LESIONS A summer excess of births for abnormalities of the lower gut and a winter excess for oesophageal atresia, but not tracheo-oesophageal fistula, has been reported.3' We did not show a significant seasonal prevalence in month of last menstrual period for anorectal anomalies (rectal agenesis, ectopic anus and covered anus), oesophageal atresia including tracheooesophageal fistula or any other major alimentary malformation.
URINARY SYSTEM LESIONS
In published reports a seasonal variation in prevalence has not been a noted feature of urinary tract lesions.
In the Fylde bilateral renal agenesis was significantly decreased in babies conceived in November to February. This finding was strengthened by the fact that ascertainment should have been complete. Cases are stillborn or fatal within two days of birth and very unlikely to have been missed with a 93% necropsy rate for perinatal deaths.
Primary vesicoureteric reflux was revealed by cystourethrography but was also diagnosed in children with renal scarring in whom reflux could no longer be demonstrated. In the Fylde, cases ofprimary vesicoureteric reflux showed a significant excess of conceptions from April to October. This finding must be treated with reserve as the degree of ascertainment is unknown. Cases will be recognised only if a urinary tract infection occurs and is managed correctly,32 or if a baby is investigated because of a family history of reflux.
No other common urinary tract malformation showed a significant seasonal variation.
SKELETAL SYSTEM LESIONS
We did not keep records of some common limb malformations such as talipes because we could not ensure adequate ascertainment.
Facial clefts were analysed from 1961, after which the vast majority of cases were seen before referral to surgeons. Our recorded prevalence was similar to that reported from nearby Liverpool over a comparable period.33 In Birmingham34 a significant seasonality for cleft lip was shown using month of birth, but was not confirmed at Oxford.35 In Sweden36 a seasonal variation was found for cleft palate and cleft lip with or without cleft palate using calculated last menstrual period, but not with birth date. In Liverpool33 there was a trend towards conception of babies with cleft palate in the second half of the year, but this was significant for girls only.
We found no significant seasonal prevalence in month of last menstrual period for cleft lip with or without cleft palate, or for isolated cleft palate.
In the 1950s an excess of births of babies with congenital dislocation of the hip in winter was reported.3' 34 However, we found no suggestion of a seasonal variation whether using date of birth or of last menstrual period.
